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(57) ABSTRACT

An apparatus and method for a driving guide of a vehicle are
provided and include a sensor unit that has at least one sensor
mounted within the vehicle. In addition, a controller is con-
figured to sense obstacles positioned at a front and side of the
vehicle using sensing information received from the sensor
unit and arrange data for the obstacles based on an angle to
determine whether a passage is present in front of the vehicle.
In addition, the controller is configured to provide the driving
guide of the checked passage.

14 Claims, 10 Drawing Sheets
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1
APPARATUS AND METHOD FOR DRIVING
GUIDE OF VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority from
Korean Patent Application No. 10-2013-0082017, filed on
Jul. 12, 2013 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field of the invention

The present invention relates to an apparatus and a method
for a driving guide of a vehicle, and more particularly, to an
apparatus and a method for a driving guide of a vehicle that
senses other vehicles present in front of the vehicle that is
being driven, determining whether a passage is present in
front of the vehicle, and providing a driving guide toward the
passage.

2. Description of the Prior Art

A navigation system representative of a driving guide sys-
tem displays a current location of a moving body calculated
using information received from a global positioning system
(GPS) on a map displayed on a screen. In addition, the navi-
gation system provides a variety of information that assists a
driver in driving a vehicle, such as displaying a moving direc-
tion of the moving body, a distance up to a destination where
the driver is driving, a current moving speed of the moving
body, a path set by the driver prior to driving, an optimal path
to the destination, and the like.

Currently, the above-mentioned navigation system is
mounted on a variety of moving bodies such as a ship, an
airplane, a vehicle, and the like and has been widely used to
determine a current location and moving speed of the moving
body or determine a moving path. Particularly, the navigation
system calculates the current location of the moving body by
receiving a radio wave that represents latitude, altitude, lon-
gitude, or the like from a plurality of satellites connected to
the GPS and then visually displays or acoustically informs
map information including the current location to or of the
driver. A car navigation system applied to the vehicle, which
is being driven on a road, visually or acoustically provides
various information such as a current driving road and loca-
tion, a driving path of the road, a degree of congestion of the
road, and the like.

The above-mentioned car navigation system receives a
satellite radio wave from a GPS satellite and calculates a
distance from the satellite by receiving the radio wave to
detect the current location of the vehicle, and detects map data
for a related region from a database and then displays the
detected current location together with map information on a
display unit. In addition, the car navigation system displays
the driving path from a driving start location to a current
driving location on the screen by determining a driving dis-
tance by a driving distance sensing unit such as a speed sensor
and calculating a driving direction by an azimuth detecting
unit such as a gyro sensor. Furthermore, the car navigation
system increases a degree of precision of the map data stored
in the database to display the driving direction on the display
unit or output the driving direction by an audio output via a
speaker when a change in the path is required, such as an
intersection, a crossroad, or the like, for example.

The driving guide system has recently been improved
toward the navigation system guiding the path as described
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above and a system that guides a general driving environment
such as road conditions, or the like. An attempt to guide
driving conditions more precisely has been made by recog-
nizing a lane in which the vehicle is currently driven, whether
a passage through which the vehicle may pass is present in
front of the vehicle, and the like for performing a realistic
driving guide, departing from a concept simply guiding the
driving conditions based on road information on the map.

SUMMARY

Accordingly, the present invention provides an apparatus
and a method for a driving guide of a vehicle that provides a
start location of a passage and a width of the passage to a
driver before the vehicle enters the passage by sensing
obstacles present in front of the vehicle on aroad on which the
vehicle is driven.

In one aspect of the present invention, an apparatus for a
driving guide of a vehicle may include: a sensor unit that
includes at least one sensor within the vehicle; a controller
configured to sense obstacles positioned at the front and side
of the vehicle using sensing information received from the
sensor unit and arrange data for the obstacles based on an
angle to determine whether a passage is present in front of the
vehicle; and an outputting unit executed by the controller to
provide the driving guide toward the determined passage.

The data for the obstacles may be configured of a plurality
of'points that configure the obstacles and at least one line that
connects the plurality of points to each other. The controller
may be configured to arrange the plurality of points that
configure the obstacles based on an angle of a polar coordi-
nate system and arrange data between a plurality of obstacles
according to the angle of the polar coordinate system. The
controller may be configured to calculate a width of the pas-
sage using at least two points of the passage based on the
arranged data. In addition, the controller may be configured to
determine that the passage is not present in front of the vehicle
when the obstacles are present in front of the vehicle.

In another aspect of the present invention, a method for a
driving guide of a vehicle may include: analyzing, by a con-
troller, sensing information received from a sensor unit that
include at least one sensor positioned within the vehicle;
sensing obstacles positioned at the front and side of the
vehicle according to the analyzed result; arranging data for
the sensed obstacles based on an angle; determining whether
a passage is present in front of the vehicle based on the
arranged result; and providing the driving guide toward the
checked passage.

The arranging of the data for the obstacles based on the
angle may include: extracting, by the controller, data for the
obstacles configured of a plurality of points of the obstacles
and at least one line that connects the plurality of points to
each other; and arranging, by the controller, the plurality of
points of the obstacles based on an angle of a polar coordinate
system and arranging data between a plurality of obstacles
based on the angle of the polar coordinate system.

The method for the driving guide of the vehicle may further
include, after determining whether the passage is present,
calculating, by the controller, a width of the passage using at
least two points of the passage based on the arranged data.
The determination of whether the passage is present may
further include: determining whether the obstacles are
present in a direction in which the vehicle goes forward; and
determining that the passage is not present in the direction in
which the vehicle goes forward when the obstacles are
present.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more apparent from the following
detailed description taken in conjunction with the accompa-
nying drawings, in which:

FIG. 1 is an exemplary block diagram showing a main
configuration of an apparatus for a driving guide of a vehicle
according to an exemplary embodiment of the present inven-
tion;

FIGS. 2 through 7B are exemplary views describing a
method for recognizing a passage in front of the vehicle
according to an exemplary embodiment of the present inven-
tion; and

FIG. 8 is an exemplary flow chart describing a method for
a driving guide of a vehicle according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, combustion, plug-in hybrid -electric
vehicles, hydrogen-powered vehicles and other alternative
fuel vehicles (e.g. fuels derived from resources other than
petroleum).

Although exemplary embodiment is described as using a
plurality of units to perform the exemplary process, it is
understood that the exemplary processes may also be per-
formed by one or plurality of modules. Additionally, it is
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor. The
memory is configured to store the modules and the processor
is specifically configured to execute said modules to perform
one or more processes which are described further below.

Furthermore, control logic of the present invention may be
embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller/control unit
or the like. Examples of the computer readable mediums
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMs, magnetic tapes, floppy disks, flash drives, smart
cards and optical data storage devices. The computer readable
recording medium can also be distributed in network coupled
computer systems so that the computer readable media is
stored and executed in a distributed fashion, e.g., by a telemat-
ics server or a Controller Area Network (CAN).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

Unless specifically stated or obvious from context, as used
herein, the term “about” is understood as within a range of
normal tolerance in the art, for example within 2 standard
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4
deviations of the mean. “About” can be understood as within
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about.”

Hereinafter, exemplary embodiments of the present inven-
tion will be described in more detail with reference to the
accompanying drawings. However, in describing the exem-
plary embodiment of the present invention, technology con-
tents well known in the art to which the present invention
pertains and directly not related to the present invention will
be omitted, if possible. This is to more clearly deliver the key
point of the present invention so as not to obscure the present
invention by omitting any unnecessary description.

FIG. 1 is an exemplary block diagram showing a main
configuration of an apparatus for a driving guide of a vehicle
according to an exemplary embodiment of the present inven-
tion. FIGS. 2 to 7B are exemplary views describing a method
for recognizing a passage in front of the vehicle according to
an exemplary embodiment of the present invention.

Referring to FIGS. 1 to 7B, an apparatus 100 for a driving
guide of a vehicle (hereinafter, referred to as a driving guide
apparatus) according to an exemplary embodiment of the
present invention may include a sensor unit 110, an outputting
unit 120, a storing unit 130, and a controller 140. Although the
exemplary embodiment of the present invention described is
limited to the vehicle being driven on an expressway and
obstacles are other vehicles other than the vehicle being
driven, but is not necessarily limited thereto. It should be
understood that the exemplary embodiment of the present
invention may be applied to a passage such as an alley. More-
over, although the passage used in the exemplary embodi-
ment of the present invention means a passage formed
between vehicles on the expressway, but is not necessarily
limited thereto.

The sensor unit 110 may have at least one sensor mounted
within the vehicle and may be configured to provide sensing
information received from the sensor to the controller 140. In
particular, the sensor unit 110 may include a laser radar which
is a light detection and ranging (LiDAR) sensor. Since the
LiDAR sensor has a substantially high recognition rate in a
longitudinal direction and a lateral direction and has a sub-
stantially minimal error for adjacent obstacles, the sensor
may be configured to recognize road conditions more accu-
rately. The sensor applied to the vehicle is not limited to the
LiDAR sensor and various sensors corresponding to this may
beused. In addition, the sensor unit 110 may include a camera
sensor (e.g., an imaging device) configured to obtain image
data for the front, side, and rear of the vehicle.

The outputting unit 120, executed by the controller 140,
may be configured to output the image data for a current
location of the vehicle and may be configured to provide a
start location of a passage and a width of the passage before
entering the passage to the driver when the vehicle enters the
passage as shown in FIGS. 7A and 7B. Specifically, FIG. 7A
shows data in which the width ofthe passage and left and right
boundaries of a passage entrance determined, by the control-
ler 140, on the road on which the vehicle is driven may be
calculated, and FIG. 7B shows a screen output to the output-
ting unit 120 based on FIG. 7A. Therefore, a driver may
determine whether the entry into the passage is safe (e.g.,
whether the vehicle may enter the passage), whether attention
(e.g., caution) is required when entering, or whether the entry
is dangerous, and the driver may prevent an accident caused
by the obstacles positioned at the front of the vehicle and the
passage.
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The controller 140 may be configured to store on the stor-
ing unit 130 the image data of the road on which the vehicle
is driven, obtained by the camera sensor and a program that
recognizes the passage in the road on which the vehicle is
driven, and may be configured to store various programs for
operating the driving guide apparatus 100. Additionally, the
controller 140 may be configured to sense the obstacles posi-
tioned at the front and side of the vehicle using the sensing
information received from the sensor unit 110 and may be
configured to arrange data for the obstacles based on an angle
to determine whether the passage is present in front of the
vehicle.

More specifically, the controller 140 may be configured to
analyze the sensing information received from the sensor unit
110 to sense the obstacles positioned at the front and side of
the vehicle, and extract data for the sensed obstacles (herein-
after, referred to as obstacle data). Referring to FIG. 2, the
controller 140 may be configured to analyze the sensing infor-
mation to determine that four other vehicles V2 to V5 are
located in front and side of a vehicle V1. The controller 140
may be configured to extract a plurality of points that config-
ure other vehicles V2 to V5 and connect the plurality of
extracted points to each other using at least one line to extract
the obstacle data configured of the points and the line. In FIG.
2, it may be determined that the obstacle data of other vehicles
V3 and V4 configured of the three points and one line may be
extracted and the obstacle data of other vehicles V2 and V5
configured of the three points and the two lines may be
extracted based on the locations of other vehicles.

The controller 140 may be configured to arrange the
extracted obstacle data based on the angle. Referring to FIG.
3, the controller 140 may be configured to arrange the
extracted obstacle data based on an angle 6 of a polar coor-
dinate system. The extracted obstacle data may be arranged
for the points configuring each of the other vehicles V2 to V5
and may be arranged between other vehicles V2 to V5,
respectively. In particular, the polar coordinate system repre-
sents a coordinate system defining a position of any point by
a distance r and a direction 8 from an apex (an original point).
Further, the controller 140 may be configured to determine
whether other vehicles are present in front of the vehicle V1
based on the obstacle data and recognizes that the passage is
not present in the road on which the vehicle V1 is driven when
other vehicles are present in front of the vehicle V1.

Additionally, when other vehicles are not present in front
of the vehicle V1 and other vehicles V2 to V5 are present in
front and side of the vehicle V1 as shown in FIGS. 2 and 3, the
controller 140 may be configured to recognize that the pas-
sage is present on the road on which the vehicle V1 is driven.
The controller 140 may be configured to search for a space
that has a possibility to form the passage using the arranged
obstacle data as shown in FIG. 3. A conditional expression
that forms the passage recognizes, as the passage, a case when
amaximum value among 0 values configuring one obstacle of
continuous obstacles is less than a minimum value among 6
values configuring a next obstacle. Therefore, in FIG. 3, since
(0,22) 6014 1) s, the passage may be recognized between
a i+1-th obstacle (V3) and a i+2-th obstacle (V4).

The controller 140 may be configured to rotate and trans-
form the obstacles on a reference axis which is a center angle
(Oss2)mins (010 e (€815 (((0142),05+(0,11) )/ 2)) O the pas-
sage using two points ((0,,5),,:>(0:1 1 ) max) configuring the
passage. In particular, the controller 140 may be configured to
perform a two-dimensional rotational transformation matrix
as expressed in Equation 1.
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Equation 1

i+2 )mtn

(f G2 i +
(( G e ] ] Sl“(( O+ e ]/ 2] H
‘{((ewz)mm ] ] cos(((9i+2)min+]/2] y
(0:+imax O+ max

wherein, (8,,,),., 1 the angle of right end point of the left
obstacles which make the passage; (0,,),,,. 1S the angle of
left end point of the right obstacles which make the passage;

(02 )i + Ot )
2

is the angle of the central axis of the passage; X, y are the
positions of the points (x,y) in the original coordinate system;
and X, yx are the positions of the points in the rotated coor-
dinate system.

Further, the controller 140 may be configured to extract one
point (Xg) s (Yr)min)) that has y of a positive number and
closest to an X axis and one point (Xz) i Yr)min_»)) that
has y; of a negative number and closest to the x; axis based on
the x axis. This may be represented by FIG. 4. The controller
140 may be configured to calculate a width when the
obstacles having y; of opposite symbols are present in a
length I -for the x axis direction based on the extracted two
points. Referring to FIG. 5, the controller 140 may not con-
figure the passage because the obstacles having y, of the
positive number are not present in an interval of (Xg) .1, ,—
0.5 Ly and ((Xg)usn_,+0.5 L) in the x, axis direction for
(@) min_s> YR)min_»)- In addition, the controller 140 may
configure the passage because the obstacles having y of the
negative number are present in an interval of ((Xg),,,;,—0.5 L9
and ((Xg),;,,+0.5 L) in the axis direction for (Xz) i (Y &) i) -

Furthermore, the controller 140 may be configured to cal-
culate the width of the passage using a difference between the
yz values of the obstacles that form the passage. The control-
ler 140 may be configured to compare the calculated width of
the passage and the width of the vehicle V1 to each other and
divide the compared result into danger, warning, safe stages
to output the result to the outputting unit 120. The controller
140 may be configured to recognize that the passage is not
present on the road on which the vehicle V1 is driven when
other vehicles are present in front of the vehicle V1. Referring
to FIGS. 6A to 6C, the controller 140 may be configured
recognize a space N between V6 and V7 as the passage when
it is recognized that the other vehicle V6 is present in front of
the vehicle V1 and the other vehicle V7 is present in front and
side of the vehicle V1, as shown in FIG. 6A. This may be
schematically represented by FIG. 6B. Therefore, the con-
troller 140 may be configured a range of obstacles from an
existing R, to aR,, . when other vehicles are present in
front of the vehicle V1, wherein c is set to any number which
is less than about 1. This may be represented by FIG. 6C. By
this result, the controller 140 may not be configured to rec-
ognize the other vehicle V6 located in front of the vehicle V1
as the obstacle.

FIG. 8 is an exemplary flow chart for describing a method
for a driving guide of a vehicle according to an exemplary
embodiment of the present invention. Referring to FIG. 8, the
controller 140 may be configured to analyze the sensing infor-
mation received from the sensor unit 110 in S11 and sense
(e.g., detect) other vehicles (obstacles) positioned at the front
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and side of the vehicle based on the analyzed sensing infor-
mation in S13. The controller 140 may be configured to
extract data for the sensed obstacles in S15. In addition, the
controller 140 may be configured to extract a plurality of
points of other vehicles positioned at the front and side of the
vehicle and connect the extracted points to each other using at
least one line to extract the obstacle data configured of the
points and the line.

Furthermore, the controller 140 may be configured to
arrange the extracted obstacle data according to the angle of
the polar coordinate system in S17. In particular, the control-
ler 140 may be configured to perform an arrangement for a
plurality of points of one different vehicle and perform an
arrangement between a plurality of other vehicles. The con-
troller 140 may be configured to determine whether the
obstacles, that is, other vehicles are present in front of the
vehicle in S19, may proceed to S29 when other vehicles are
present in front of the vehicle, and may proceed to S27 after
recognizing that the passage is not present in front of the
vehicle. The controller 140 may be configured to output the
image data received from the camera sensor to the outputting
unit 120 and provide the driving guide to the driver in S27.
Since this is described in the examples with reference to
FIGS. 6A to 6C, a detailed description thereof will be omit-
ted.

Moreover, when other vehicles are not present in front of
the vehicle in S19, the controller 140 may proceed to S21 and
when the obstacles are not present in front and side of the
vehicle in S21, the controller 140 may be configured to rec-
ognize that the passage is not present in front of the vehicle
and then proceeds to S27. The controller 140 may be config-
ured to output the image data received from the camera sensor
to the outputting unit 120 and provides the driving guide to the
driver in S27. Additionally, the controller 140 may be config-
ured to determine whether at least two obstacles, that is, other
vehicles are present in front and side of the vehicle in S21.
When at least two other vehicles are present in front and side
of the vehicle, the controller 140 may be configured to rec-
ognize a space between at least two other vehicles as the
passage in S23 and may proceed to S25. Since this is
described in the example with reference to FIG. 3, a detailed
description thereof will be omitted.

The controller 140 may be configured to perform a coor-
dinate transformation of the obstacle data and calculate a
width of the space recognized as the passage in S25. Since this
is described in the examples with reference to the Equation 1
and FIGS. 4 and 5, a detailed description thereof will be
omitted. Further, the controller 140 may be configured to
compare the width of the passage calculated in S25 and the
width of the vehicle and divide the compared result into the
danger, warning, safe stages to output the compare result to
the outputting unit 120 in S27. This may be represented by
FIG. 7B.

As set forth above, according to the exemplary embodi-
ment of the present invention, the obstacles present in front of
the vehicle on the road on which the vehicle is driven may be
sensed and the start location of the passage and the width of
the passage may be provided to a driver before the vehicle
enters the passage, such that the driver may prevent an acci-
dent caused by the obstacles and the passage located in front
of the vehicle.

Hereinabove, the apparatus and the method for the driving
guide of the vehicle according to the exemplary embodiments
of'the present invention have been described with reference to
the exemplary embodiment of the present invention. The
exemplary embodiments of the present invention have been
disclosed in the present specification and the accompanying
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drawings and specific terms have been used, but are just used
in a general mean in order to easily describe the technical
content of the present invention and assist in understanding
the present invention and do not limit the scope of the present
invention. It is obvious to those skilled in the art to which the
present invention pertains that various modifications may be
practiced based on the technical idea of the present invention,
in addition to the exemplary embodiments disclosed herein.

What is claimed is:

1. An apparatus for a driving guide of a vehicle, the appa-
ratus comprising:

a sensor unit that includes at least one sensor mounted

within the vehicle; and

a controller configured to:

sense obstacles positioned at a front and a side of the

vehicle using sensing information received from the sen-
SOr unit;
arrange data for the obstacles based on an angle;
calculate a reference axis along a center angel between a
first and second obstacle the sensed obstacles;
calculate a first distance between the reference axis and the
first obstacle and second distance between the reference
axis and the second obstacle;
determine whether a passage between the first and second
obstacle through which the vehicle can pass is present
based on a sum of the first and second distance; and
provide the driving guide for the checked passage.

2. The apparatus for the driving guide of the vehicle
according to claim 1, wherein the data for the obstacles is
configured of a plurality of points of the obstacles and at least
one line that connects the plurality of points.

3. The apparatus for the driving guide of the vehicle
according to claim 2, wherein the controller is further config-
ured to arrange the plurality of points of the obstacles based
on an angle of a polar coordinate system and arrange data
between a plurality of obstacles based on the angle of the
polar coordinate system.

4. The apparatus for the driving guide of the vehicle
according to claim 3, wherein the controller is further config-
ured to calculate a width of the passage using at least two
points of the passage based on the arranged data.

5. The apparatus for the driving guide of the vehicle
according to claim 1, wherein the controller is further config-
ured to determine that the passage is not present in front of the
vehicle when the obstacles are present in front of the vehicle.

6. A method for a driving guide of a vehicle, the method
comprising:

analyzing, by a controller, sensing information received

from a sensor unit that includes at least one sensor
mounted within the vehicle;

sensing, by the controller, obstacles positioned at a front

and a side of the vehicle based on the analyzed result;
arranging, by the controller, data for the sensed obstacles
based on an angle;

calculating, by the controller, a reference axis along a cen-

ter angle between a first and second obstacle of the
sensed obstacles;

calculating, by the controller, a first distance between the

reference axis and the first obstacle and a second dis-
tance between the reference axis and the second
obstacle;

determining, by the controller, whether a passage between

the first and second obstacle through which the vehicle
can pass is present based on the sum of the first and
second distance; and

providing, by the controller, the driving guide for the

checked passage.
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7. The method for the driving guide of the vehicle accord-
ing to claim 6, wherein the arranging of the data for the
obstacles according to the angle includes:

extracting, by the controller, data for the obstacles for a

plurality of points of the obstacles and at least one line
that connects the plurality of points to each other; and
arranging, by the controller, the plurality of points of the
obstacles based on an angle of a polar coordinate system
and arranging data between a plurality of obstacles
based on the angle of the polar coordinate system.

8. The method for the driving guide of the vehicle accord-
ing to claim 7, further comprising:

after determining whether the passage is present, calculat-

ing, by the controller, a width of the passage using at
least two points of the passage based on the arranged
data.
9. The method for the driving guide of the vehicle accord-
ing to claim 7, wherein the determining of whether the pas-
sage is present further includes:
determining, by the controller, whether the obstacles are
present in a direction in which the vehicle is moving; and

determining, by the controller, that the passage is not
present in the direction in which the vehicle is moving
when the obstacles are present.

10. A non-transitory computer readable medium contain-
ing program instructions executed by a controller, the com-
puter readable medium comprising:

program instructions that analyze sensing information

received from a sensor unit that includes at least one
sensor mounted within the vehicle;

program instructions that sense obstacles positioned at a

front and a side of the vehicle based on the analyzed
result;
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program instructions that arrange data for the sensed

obstacles based on an angle;

program instructions that calculate a reference axis along a

center angle between a first and second obstacle of the
sensed obstacles;

program instructions that calculate a first distance between

the reference axis and the first obstacle and a second
distance between the reference axis and the second
obstacle;

program instructions that provide the driving guide for the

checked passage.

11. The non-transitory computer readable medium of claim
10, wherein the data for the obstacles is configured of a
plurality of points of the obstacles and at least one line that
connects the plurality of points.

12. The non-transitory computer readable medium of claim
11, further comprising:

program instructions that arrange the plurality of points of

the obstacles based on an angle of a polar coordinate
system and arrange data between a plurality of obstacles
based on the angle of the polar coordinate system.

13. The non-transitory computer readable medium of claim
12, further comprising:

program instructions that calculate a width of the passage

using at least two points of the passage based on the
arranged data.

14. The non-transitory computer readable medium of claim
10, further comprising:

program instructions that determine that the passage is not

present in front of the vehicle when the obstacles are
present in front of the vehicle.
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